Energy-energy correlators in DIS

Haitao Li
Shandong University (Jinan, China)

Based on the works arXiv:2006.02437, arXiv:2102.05669
In collaboration with Yiannis Makris, Ivan Vitev and YuJiao Zhu

2nd Workshop on Jets for 3D Imaging at the EIC
09-29-2021



Introduction to EEC/TEEC

Basham et al 1978 Ali et al 1984

Hadronic initial state

eTe™ Collisions

” _ observable

EEC =d do V—>a+b+X.(COS(9ab) —- TEEC ‘ / dopp—satbix -(cos Bab, —

sum over all the jets for each ©@weighted cross section
event @the soft radiation does not
sum over all the particles for contribute directly to the
each event observable at leading power

@soft gluon contributes only via
recoill




Introduction to EEC/TEEC

EEC/TEEC is a class of obsverables which can be studied for
various processes
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From the definition, for (T)EEC contribution from soft radiations is
suppressed by construction

(T)EEC is simply defined in comparison with other event shapes

It is calculable at high orders



Introduction to EEC/TEEC

EEC predictions
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Measurements at the LHC

Measurements at the LHC
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In good agreement with the determinations in

other experiments and with the world average



Simulations at the EIC

e(18GeV) + p(275GeV) Select events with pr;>20GeV, —-1<n,<3
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It is possible to study this observable in percent level




TEEC in DIS

HTL, Vitev, Zhu, 2020

In Lab Frame at the EIC

' Definition

sum over { measure azimuthal §

tall hadrons SN —— angle correlations

| azimuthal angle correction 1 +cos¢ |
| between particles and lepton * =~ 5

For 7 — 1, large angle radiation
For 7 — O, small angle radiation

In transverse
plane

> =€

/ Proton




EEC in DIS
In Breit Frame at the EIC HTL, Makris, Vitev 2021
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boost the system to proton rest frame
From Lab frame to

| Breit Frame rotate the syste_m: w_rtual _photon has zero ¢g ]
g boost along z direction: virtual photon has zero energy §

| y* 4+ proton — jet/hadron + X

Ppni = Pni —

We proposed a new definition of EEC in DIS:
correlation between initial proton and final state hadron

EEC = Z / Aoy —sitatx (Zp ppap> d(cos x — cosb,y)




(T)EEC in DIS

No singularities in the forward region

the backward region is most important: TMD physics

TEEC: Similar to 1-dimensional TMD factorization

EEC: Similar to usual TMD factorization

hadron with small p; sum over all hadrons in the final state
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TMD PDF
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TMD soft TM DFF

Jet function the second Mellin-Moment of the TMDFFs
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Factorizations for difference processes

(T)EEC is a class of observale which can be studies in various processes
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Resummation can be achieved through solving the RG equations

Universality of QCD in the infrared regime




EEC in DIS

EEC =Y / A0y s1tatx (g’; ap.) 5(cos x —cosb) ] weight function is Lorentz Invariant
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EEC in DIS

Zip'pi
.................... [ radiation close to the beam
‘ direction is suppressed

EEC =) / dop—si+atx < v D ) d(cosx —costlep) [ Jweight function is Lorentz Invariant

[ soft radiation/hadronization effect is

suppressed
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In back-to-back limit, TMD factorization can be used which has a better connection to
the usual TMD physics



The leading order process is

do/dint [pb]

calculated using NLOJET++

Fixed order results
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Reproduced the singular behaviors
Full control of the distributions in the back-back limit at LO and NLO.

We obtained singular distribution up to NNLO (three loop anomalous
dimensions)



Resummation

Z alL¥ + Z o et Z L2 4 Z QL3 4 Z QL2 4 Z Qi %S
=1 =1 =1 =2 =2 =3

~ NNNLL

NLL  NNLL

Four-loop Cusp anomalous dimensions
Three-loop anomalous dimensions for Beam, Hard, Soft,
Jet functions




do/dInt [pb]

do/dInT [pb]

Resummation
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EEC in DIS
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EEC in DIS
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Resummation
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do/d¢ [pb/deg]

do/dIn T [pb]

Non-perturbative effects

80
L TEEC DIS w/o NP w NP
L e(20GeV)+p(250GeV) NLL - ==~ NLL
~ p'>20 GeV NNLL  ---- NNLL
60— " NNNLL - --- NNNLL -

 PDF4LHCI15_nnlo_mc

40

20

166 168 170 172 174
¢ [deg]

|
176

O i e T R TR | TR TITIT TN TINIE Lovisyinnnpringinn [rvngprnnygrnny T T R

140 EEC DIS: ¢(18 GeV) + p(275 GeV)

100}
80F
60}
40

20F

T T T T T T T T T T T T T T T T T

™ corrections to rapidity evolution
1 corrections to the TMD matrix element

Non-perturbative form factors, which
extracted from the semi-inclusive hadron
production in DIS.

Sxp = exp |—0.106 b* — 0.841n Q/Q, In b/b*|

from TMD FFs

b2
D)¥(y,b) = exp <—O.O42—2) »
Y

Jib) = exp (—0.59b — 0.03b)

NP shifts the cross section

Sizable NP effects in back-to-back limit




About the definition

. _— . Breit 2
A Lorentz Invariant definition =2 \/1+ 9" Pa et 2pa
xgP-p, frame pt

1 P
EECle—Z/dJ(€+h—>€+a+X) (tanh 77, — tanh 77)
o

* Pa
P-q
Definitions in DIS

— [ Er,
Z ldo(l+h = l+a+ X) = TE 0(COS Pa; — €OS @)
g ;s T

Z {do(l+h > L+a+X) 1; Z; d(cos O,y — cosB)

TEEC =

BEEC

In principle we Could sum over all hadrons in final state, or

2~ 2

aces
In TMD region, the summation only changes the summation over fragmentation functions

Introduce a non-perturbative factor in the formula Fios(p Z/ dz z di—a(2, 1)
acS

sum over charged particles, hadrons with a certain flavors, or an identified hadron,

which allows up to probe initial/final state flavor information



Conclusion

'E]l Provide a factorized cross-section with TMD elements ,

D Provide N°LL + O(a?) predictions

|0 Evaluate NP component of EEC jet function |

[]l test TMD factorization and QCD universality |
O extract TMDPDFsand TMDFFs




Conclusion

'E]l Provide a factorized cross-section with TMD elements ,

D Provide N°LL + O(a?) predictions

|0 Evaluate NP component of EEC jet function |

C]l test TMD factorization and QCD universality |

Thank you!



